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| NTRODUCTI ON
A Phar nacol ogy

Levodopa is used in the treatnent of Parkinson's

di sease. The synptons of parki nsoni an syndrone are
related to depletion of dopamne in the corpus
striatum Follow ng oral admnistration, about 95% of
| evodopa i s rapidly decarboxyl ated to dopam ne whi ch
does not cross the blood-brain barrier. Because |ess

t han 1% of absorbed | evodopa penetrates the CNS and
only a small anmount enters the brain, |arge doses of

| evodopa need to be admnistered. This allows enough
accurmul ation of |evodopa in the brain to raise the
dopam ne concentration by enzymati c decarboxyl ati on (1-
4). Carbidopa is a peripheral decarboxyl ase inhibitor
whi ch i nhi bits decarboxyl ati on of | evodopa to dopam ne.
Thus, nore | evodopa is available for transport to the
brain (1-4).

Car bi dopa/ | evodopa is contraindicated in patients
recei vi ng nonoam ne oxi dase inhibitors, in patients
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wi th known hypersensitivity to this drug, and in narrow
angl e gl aucoma. The drug shoul d not be used in
patients w th suspici ous, undiagnosed skin |lesions or a
hi story of nel anoma (1).

The nost common serious adverse reactions occurring
wi t h Carbi dopa/ | evodopa are chorei form dystonic, and
ot her involuntary novenents. Cher serious adverse
reactions are nental changes, including paranoid

i deati on and psychotic epi sodes, depression with or

w t hout devel opnent of suicidal tendencies, and
dermentia. Convul sions al so have occurred. A comon
but | ess serious effect is nausea (1).

Levodopa is commercially available alone in three
strengths: 100 ng, 250 ng and 500 ng tabl ets.
Car bi dopa and | evodopa conbi nation tablets are
commercially available in three strengths: 10 ng/ 100
ny, 25 ng/ 100 ng and 25 ny/ 250 ng as Si nenet R (Merck
Sharp & Dohne). The optimumdaily dosage nust be
determned by careful titration in each patient.
Dosage is best initiated with one 25 ng/ 100 ng tabl et
three times a day. Dosage may be increased by one
tabl et every day or every other day, as necessary,
until a dosage of eight 25 ng/100 ng tablets a day is
reached (1).

Chem stry

Levodopa is the | evorotatory isoner of dihydroxyphenyl -
al ani ne, (-)-3-(3,4-di hydroxyphenyl)-L-al anine, and the
met abol i ¢ precursor of dopamne. Levodopa occurs as a
white to off-white, odorless, crystalline powder and is
slightly soluble in water and insol uble in al cohol.

The chem cal nane of carbidopa is S al pha-hydrazi no-

3, 4- di hydr oxy- al pha- met hyl benzenepr opanoi ¢ aci d
nmonohydrate. Carbi dopa occurs as a white to creany
white, odorless or practically odorless powder and is
slightly soluble in water and practically insoluble in
al cohol .

Levodopa and carbi dopa are rapidly oxidi zed and darken
in the presence of noisture. Commrercially available
preparations containing | evodopa and/ or car bi dopa
shoul d be protected fromexposure to |ight, noisture,
and excessive heat (3). The chem cal structures of

| evodopa and car bi dopa are shown in the follow ng
figure:



LEVODOPA AND CARBI DOPA
Phar nacoki neti cs

Levodopa is rapidly and al nost entirely absorbed from
the @ tract by an active transport systemfor aronatic
amno acids. GConcentration of |evodopa in plasma after
an oral dose usually peaks within two hours. The
plasma half-life is short, approximately 1 to 3 hours.
St udi es show that | evodopa absorption is faster under
fasting conditions. However, simlar AUC s were
observed under fasting and nonfasting conditions (5-9).

Levodopa is widely distributed into nost body tissues
and the total volune of distribution is about 1 L/kg
body weight for elderly subjects (9). Mst of the
absor bed | evodopa i s decarboxyl ated to dopam ne, smnall
amount s of which are netabolized to norepi nephrine and
epi nephrine. Dopamne is further netabolized to 3, 4-
di hydr oxyphenyl acetic acid (DOPAC) and hornovanillic
acid and excreted in urine (2,6).



Nonl i near pharnacoki netics of | evodopa has been
observed with oral admnistration of |evodopa al one.
The nonlinearity is attributed to saturable first-pass
met abol i sm during absorption (10). Levodopa

bi oavai lability is lower in young volunteers than in
elderly volunteers. This is attributed to age-rel ated
decreases in both gastric enptying and first-pass

met abol i ¢ decarboxylation in the @ tract and also to
reduced pl asna clearance in elderly subjects (7-9).

Car bi dopa is a decarboxyl ase i nhibitor which inhibits
decar boxyl ati on of | evodopa to dopamne. Upon oral
admnistration of |evodopa, dopamne is found w dely
distributed in nost body tissues but is unable to
penetrate the bl ood-brain barrier. GConcurrent

adm ni stration of carbidopa inhibits the peripheral
decar boxyl ati on of |evodopa w thout affecting the

nmet abol i smof the drug within the ONS. Thus, nore

| evodopa is available for transport to the brain (1-4).
Al t hough | evodopa does not appear to enhance the

absor ption of carbi dopa, carbi dopa may enhance the
absor ption of |evodopa by suppressing the netabolism of
| evodopa in the G tract. M asma | evodopa
concentrations are increased when carbi dopa and

| evodopa are adm ni stered concomtantly, principally
due to inhibition of the peripheral netabolism of

| evodopa by carbi dopa (2,5, 6).

About 40-70% of a carbi dopa dose is absorbed fol | owi ng
oral admnistration. The drug is not extensively

met abol i zed (5,6). The plasma half-life of carbi dopa
is 1-2 hours (3).

1. Bl CEQU VALENCE STUDI ES

A

Types of Studi es Required

1. A random zed, single-dose, two-treatnent, two-
peri od, crossover study under fasting conditions
with the 25 ng/ 250 ng strength generic test
product conpared to the reference product,

Si nenet R 25 ng/ 250 ngy tabl et .

2. In vitro dissolution testing for the 25 ng/ 250 ny
strengt h.
3. Wi vers from bi oequi val ence study requirenents nmay

be granted for the 10 ng/ 100 ng and 25 ng/ 100 ny



strengt hs of carbi dopa/l evodopa tablets if the
followi ng conditions are net:

a. The sponsor has an approved bi oequi val ence
study for the 25 ng/ 250 ng strength product
as descri bed above.

b. The 10 ng/ 100 ng and 25 ng/ 100 ng strength
products are proportionally simlar in their
active and inactive ingredients to the 25
ng/ 250 ng strength.

C. The 10 ng/ 100 ng and 25 ng/ 100 ng strength
products nmeet an established in vitro
di ssol uti on specification.

Fasting Study

(bj ective: The objective of this study is to conpare
the bioavailability of generic carbidopa and | evodopa
tablets, 25 ng/ 250 ng strength, (test product) wth
that of the reference product, Sinemet R 25 ng/250 ny
tabl et (Merck Sharp & Dohne) under fasting conditions.

Design: The study design is a random zed, single dose,
two treatnent, two period, two sequence crossover wth
a washout period of at |east seven days. Subjects
shoul d be randomy assigned to dosi ng sequences.

Facilities: The clinical and anal ytical sites for the
study shoul d be given along with the nanes, titles and
the curriculumvitae of the nmedical, scientific and
analytical directors. The starting and endi ng dates
for each clinical study period should be stated. The
study protocols shoul d be approved by an institutional
revi ew board, and inforned consent forns shoul d be
signed by all participants.

Subjects: A mninumof 30 subjects should be used. It
is the sponsor's responsibility to use a sufficient
nunber of subjects to ensure adequate statistical
significance of results.

The subjects shoul d be healthy mal e vol unt eers between
18- 45 years of age and within 10%of the ideal weight
for their height and body frane according to the
Metropolitan | nsurance Conpany Bulletin, 1983. A



subj ects shoul d be given a physical exam nation and
appropriate | aboratory tests 4 weeks prior to the
initiation of the study. These should be repeated at
the end of the study.

Exclusion Criteria: Subjects should be excluded from
the study using the following criteria and ot her
criteria deemed necessary by the sponsor:

1. H story of serious systemc or organ di sease
including, but not limted to, cardi ovascul ar,
renal , hepatic, gastrointestinal, henatopoietic,
or neurol ogi cal disease, and asthma, tubercul osis,

epi | epsy, glaucoma, or nental illness.
2. Significant physical or organ abnornality.
3. H story of past or recent al cohol or drug

addi cti on or abuse.

4. H story of or known hypersensitivity to | evodopa
or car bi dopa.

5. Subj ects w th suspicious, undi agnosed skin | esions
or a history of nel anona.

6. Exposure to known hepatic enzyme induci ng or
i nhi biting agents such as reserpine,
phenot hi azi ne, phenobarbital and car bamazepi ne
within 30 days prior to the study.

7. Use of any prescription drug product such as MAO
inhibitors or any OIC drug product such as
mul tivitamns containing pyridoxine within two
weeks prior to the study.

8. Participation in an investigational drug study
within 30 days prior to the study.

9. Bl ood donation within 30 days prior to the study.
10. Tobacco use in any form
Procedures: After an overnight (at |east 10 hours)

fast, subjects should receive a single dose of the test
product or the reference product with 240 m of water:



Treat nent A Test product, 1 X 25 ng/ 250 ny
car bi dopa/ | evodopa t abl et s.

Treat ment B: Ref erence product, 1 x 25 ng/ 250 ny
Si nenet R Tabl ets (Merck Sharp & Dohne).

The test product should be froma production |ot or
froma |l ot produced under production conditions. The

| ot size of the test product should be equal to or nore
than 100,000. The lot nunbers of both the test and
reference products and the expiration date for the
reference product should be stated. The potency of the
reference product should not differ fromthat of the
test product by nore than + 5% The sponsor should
include a statenent of the conposition of the test

pr oduct .

The clinical staff admnistering the doses shoul d
verify that the dose was taken in all cases. After at
| east a one week washout period after the |ast bl ood
sanpl e, each subject should receive the alternative

t reat nment.

Restrictions: Prior to and during each study phase,
subjects wll observe the follow ng restrictions:

1. Water will be allowed ad |ibitum except for one
hour before and after drug adm ni stration.
Subj ects shoul d be kept well hydrated prior to and
during each study phase, and the anount of fluid
shoul d be kept constant throughout each study
peri od.

2. Subj ects shoul d be served standardi zed nmeal s no
less than 4 hours after drug admnistration. Only
standardi zed neal s and beverages at specified
times will be allowed during the study.

3. No al cohol or xanthi ne-contai ning foods or
beverages shoul d be consuned for 48 hours prior to
each study period and until after the |ast bl ood
sanpl e is coll ected.

4. Subjects will be confined to the clinical facility
for 24 hours after each dosing. Wth permssion
of the Medical Director, subjects may then be
released to return for the post-study tests.



Bl ood Sanpling: Blood sanples in a volune sufficient

for sanpl e anal ysis and anticoagul ated as appropriate

may be collected at O hr (pre-dose), and at 0.25, 0.5,
0.75, 1, 1.33, 1.66, 2, 2.5 4, 6, 8 10, 12, 16, and

24 hr post-dose. Sanples should be centrifuged

pronptly and plasnma separated and frozen at -20 °Cuntil
assay. For each subject, the sponsor should state the
time el apsed between sanpl e collection and sanpl e

assay. An explanation should be given for any m ssing
sanpl es.

Urine Sanples: Wine sanples should be coll ected over
the tine intervals of -2-0, 0-2, 2-4, 4-6, 6-8, 8-10,
10-12, and 12-24 hours post-dose. Wine sanples wll
be assayed if needed.

Subj ect Monitoring: The physical exam nation and
clinical laboratory tests shoul d be repeated during the
washout period and after conpleting the biostudy.

Bl ood pressure and pul se rate shoul d be nonitored
during the bl ood sanpling peri ods.

Anal ytical Methods: For measurenent of |evodopa and
carbidopa levels in the blood (or urine if needed),
HPLC or anot her conparabl e anal ytical nethod should be
selected (13). The method used shoul d be described in
detail and references, if any, should be cited. The
met hod shoul d i ncl ude detail ed cal cul ati on procedures
for the assay results.

Due to the poor chemcal stability of |evodopa under
exposure to light and air, care nust be taken to
prevent the degradati on of |evodopa during handling and
storage of blood and urine sanples. Freshly prepared
standards shoul d be used in the assay.

In general, the sponsor shoul d sel ect a nethod that

will ensure specificity, accuracy, interday and
intraday precision, linearity of standard curves and
adequate sensitivity. Quality Control sanples in the
low, mddle, and high ranges of the standard curve
shoul d be prepared (separate wei ghings for each control
concentration) on the same day as the study sanples are
col | ect ed.

The sponsor should submt pre-study validation data
with respect to assay accuracy, precision, recovery,



linearity, and lowest limt of quantitation. Stability
of the sanples under frozen conditions, at room
tenperature, and during freeze-thaw cycles, if
appropriate, should be determ ned (14).

Phar macoki netic Analysis: From plasna drug
concentration-time data, the sponsor should obtain the
fol | owi ng pharmacoki netic paraneters for | evodopa and
car bi dopa:

1. AUC,,, calculated by the trapezoidal rule, where t
is the last neasurable tinme point.

2. AUC, ., where AUC, . = AUC, + C/(2,), C, is the |last
nmeasur abl e drug concentrati on and A, 1S the
termnal elimnation rate constant.

3. The termnal phase elimnation rate constant ( A7)
is calculated using an appropriate pharnacokinetic
nmet hod.

4, Peak drug concentration (C ) and the time to peak

drug concentration (T ) are obtained directly
fromthe data w thout interpolation.

Statistical Analysis: The sponsor should performthe
followi ng tests:

1. Anal ysi s of variance (ANOVA) appropriate for a
crossover design on the pharnacoki netic paraneters
AUC,,, AUC, . and C,, using CGeneral Linear Mdels
(&M procedure of SAS (11) or an equival ent
program shoul d be perforned. The statistica
nodel shoul d include terns describing the effects
attributable to sequence, subject(sequence),
period, and treatnment. The sequence effect should
be tested using the between-subject nain effect
[ subj (seq)] as an error term Al other nain
effects shoul d be tested agai nst the residual
error (error mean square) fromthe ANOVA

2. The ESTI MATE statement in SAS should be used to
obtain estimates for the adjusted differences
bet ween treat nent nmeans and the error associ at ed
with these differences.

3. The LSMEANS st at enment shoul d be used to cal cul ate
| east -square nmeans for treatnents.



4, The two one-sided tests procedure (12) shoul d be
used to cal cul ate 90% confidence intervals for the
mean difference for AUC and C ,,, Wwhich should
generally be within + 20% of the correspondi ng
ref erence nean.

Adverse Reactions: The sponsor should report al
adverse reactions that occurred during the study wth
regard to the nature, onset, duration, frequency,
severity, type of treatnent during which the reaction
occurred and the suspected relation to the drug

t reat ment.

I11. I'N VITRO TESTI NG

A

D ssol ution Testing

The sponsor shoul d conduct dissolution testing on 12

i ndi vi dual dosage units of both the test and reference
products using USP XXI| apparatus | (basket) at 50 rpm
in 750 M of 0.1 NHA at 37 ° C Not |less than 80% of
the | abel ed anounts of both drugs shoul d be di ssol ved
in 30 mnutes.

For the dissolution testing, the sponsor shoul d incl ude
the foll owi ng data

1. Conpar ati ve dissolution for the test and reference
products at 10, 20, 30, and 45 m nutes.

2. For each tine interval, the percent dissolution
for each dosage unit being tested.

3. For each tinme interval, the nean percent
di ssol ved, the range of percent dissolution for
the 12 units, and the coefficient of variation.

4, The val i dated anal yti cal nethod used.

5. Lot nunbers for both test and reference products.
These nust be the same lots that were used in the
bi oequi val ence st udy.

6. Expiration date for the reference product.

Content Uniformty Test

The sponsor should submt content uniformty data for
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all the test and reference lots used in the dissolution
testing.

Pot ency

The sponsor should submt potency data for all the test
and reference lots used in the dissolution testing.

WAl VER REQUESTS

The sponsor may submt waiver requests for the 10 ng/ 100 ny
and 25 ng/ 100 nyg tabl ets of carbi dopa and | evodopa whi ch
shoul d i nclude the foll ow ng:

A A si de-by-side conpari son of the conposition (names and
quantities of active and inactive ingredients) of the
25 ng/ 250 ng and | ower strength tablets.

B. D ssolution data for the |ower strength tablets as
described in Section I11.
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